Basic hemodynamic data and the pulmonary blood volume (PBV) were determined in 23 patients before and after intravenous administration of acetyl strophanthidin during right and left heart catheterization. These patients were divided into two groups depending upon whether or not digitalization produced a significant fall in left ventricular end-diastolic pressure (LVD). Group I consisted of 11 patients who manifested a significant decrease in LVD, while in group II no change was noted after digitalization. In both groups, a significant rise in LV stroke volume, stroke work, and maximal rate of rise of LV systolic pressure (dp/dt) was recorded. 
vasculature and pressure-volume relationships within the pulmonary circulation. In a recent study an increase in pulmonary vascular resistance was noted after administration of ouabain to patients with mitral stenosis. This change was interpreted as evidence of a direct vasoconstricting effect of the drug on the pulmonary arteries. ' Experimental evidence in animals suggests that digitalis preparations, acetyl strophanthidin in particular, produce pulmonary arteriolar constriction in the normnal dog2 and in dogs with augmented pulmonary blood flow. 3 We undertook the present investigation in order to (a) explore further the possibility of a direct vasomotor action of acetyl strophanthidin on the pulmonary arterioles in man and (b) describe the changes in the pressurevolume relationships in the pulmonary vascular bed after acute digitalization of patients with heart disease. A summary of some of the data was included in a recent monograph from this laboratory.4
Methods and Clinical Material The effects of intravenous acetyl strophanthidin were studied in 23 patients at the time of combined right and transseptal left heart catheterization. All studies were conducted in the supine position following light sedation with pentobarbital and promethazine. No patient had received digitalis for at least 6 weeks prior to the study.
The average age of the 23 patients in this study was 40 years. Specific clinical diagnoses of each patient and his functional cardiac classification are listed in tables 1 and 2.
The central blood volume (CBV), which includes the blood volume in the lungs, left heart chambers, and the major portion of systemic arterial volume, was calculated as the product of cardiac index and the mean transit time from the pulmonary artery to the systemic arterial sampling site. The pulmonary blood volume (PBV), defined as that volume of blood between the main pulmonary artery and the left atrium, was estimated as the product of cardiac index and the mean transit time from the main pulmonary artery to the left atrium. Rapid sequential injections of indocyanine green dye were made into the main pulmonary artery and left atrium, and blood was sampled from a systemic artery for determination of EFFECTS OF ACUTE DIGITALIZATION then again advanced into the LV, and all pressure recordings and measurements of LV dp/dt were repeated. No evidence of digitalis intoxication was noted in any of the patients during this procedure.
Statistical analysis of the results was carried out by means of a paired sample comparison of control values with those obtained after acetyl strophanthidin infusion. For purposes of this analysis, the 23 patients were first divided into two groups (see Results).
Results
Preliminary examination of the data led to the hypothesis that the changes in the PBV and Pd observed in some of the patients were largely passive, induced by the extrapulmonary effects af digitalization on LV performance, and were not evidence of direct effects in the lung. One of the prominent manifestations of digitalization that might be expected to have an effect on the intravascular pressures in the lung was the observed reduction in LVD in some of the patients. In order to test this possibility, we divided the patients into two groups dependent on whether or not a significant decrease in LVD occurred after digitalization. The changes in PBV and Pd in these two groups were then analyzed.
Group I consisted of 11 patients in whom acute digitalization resulted in a decrease in LVD of 5 mm Hg or more. The average age of these patients was 42 years. Five patients had either ischemic heart disease or idiopathic nonobstructive cardiomyopathy. The remaining six patients had valvular heart disease. Of these, one patient had an aortic valve prosthesis, two patients had predominant aortic stenosis, two others had predominant aortic incompetence, and the remaining patient had mitral stenosis. At the time of cardiac catheterization, all patients were in normal sinus rhythm, but during the study two (S.E. and S.M.) developed atrial fibrillation. Although all of these patients had various degrees of fatigue and dyspnea with physical activity, only two (J.McE. and R.F.) had physical signs of pulmonary congestion and peripheral edema at the time of cardiac catheterization. The data obtained from the patients in group I are summarized in table 1, Circulation, Volume XLIII, January 1971 and are illustrated graphically in figure 1. All but two (H.B. and S.E.) of the patients in this group had initially elevated LVD or LA mean pressure (LAm) during the control period. Acute digitalization resulted in a significant decrease in heart rate and in increases in stroke index and stroke work index. The average cardiac index rose slightly, with the most marked increases tending to occur in patients with low initial values and markedly elevated LVD (L.W., R.F., and J.McE.). Highly significant decreases in PA mean pressure(PAm), LAm, as well as in LVD were noted, but no change in SA mnean pressure (SAm) was produced. Although the pulmonary vascular resistance (PVR) did not change, the total systemic resistance (TSR) fell significantly after digitalization. The CBV and PBV fell in all patients, and the changes were highly significant.
It should be noted that the PBV as calculated for patients S.B., D.T., and H.B. in group I also includes left atrial volume. A discordant change in the "true" PBV and the PBV including the left atrial volume seems highly unlikely. Thus, the "true" PBV in these three patients also apparently decreased. In -.t 
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three of the 12 patients in this group, and did not fall significantly in any patients after acute digitalization. The directional changes in average heart rate, cardiac index, stroke index, and stroke work index were similar to those noted in group I. However, only minor changes were observed in PAm, LAm, and LVD.
Although a decrease in Pd of borderline signfficance was noted in this group, the change in this parameter in group I exceeded that of group II by a factor of greater than tenfold. Systemic arterial pressure, PVR, and TSR failed to change. In distinct contrast to group I, the CBV and PBV in group II did not change significantly. Table 3 compares the changes observed for each parameter for both groups I and II.
An increase in LV dp/dt was noted after administration of acetyl strophanthidin in every patient where satisfactory measurements were obtained, and the presence of this finding appeared to be unrelated to any other combination of hemodynamic changes during the procedure. The range of this increase varied from +20 to +85% of the control value prior to digitalization, and there was no significant difference in the response of groups I and II. Further attempts at calibration of this measurement were not made.
Transient increases in systemic arterial pressure were commonly noted during the infusion of acetyl strophanthidin, but ordinarily this change had dissipated by the time the hemodynamic measurements were made.
Discussion
As we have reported elsewhere,12 the use of this experimental protocol in a series of eight patients undergoing a sham intervention consisting of the infusion of 20 ml of physiologic saline failed to produce any significant hemodynamic alterations. Thus, the changes we observed in this study in both ventricular performance and the pressurevolume relationships in the pulmonary circulation after acute digitalization cannot be attributed to the effects of time or to chance alone. 17 Such an effect is difficult to demonstrate convincingly with respect to the pulmonary arterioles. Recently, in a study of the effects of ouabain on patients with mitral stenosis, an increase in pulmonary vascular resistance was interpreted as evidence in support of a direct vasoconstrictor effect on these vessels.' Our patients in group II resemble those observed in this study in that important changes in cardiac index and LAm did not occur after digitalization. However, we did not find any tendency for increase in pulmonary vascular resistance. Moreover, if digitalization had provoked significant vasoconstriction in the pulmonary circulation, a rise in Pd and a fall in PBV would have been expected. Neither was observed. This contrasts with experiments conducted in animals.2 3 Thus, on the basis of our findings, a direct action of acetyl strophanthidin on the pulmonary blood vessels is not apparent in these patients. We cannot explain the differences between these observations and those made in animals, but wide variation in experimental conditions and species differences in vascular reactivity in the pulmonary bed, as well as the effects of anesthesia, may be determining factors. However, we find it difficult to exclude the possibility of a weak vascular action that was transient and perhaps masked by the other more apparent effects of the drug or by the timing of the observations.
It is of interest for us to compare and contrast the effects of digitalization on Pd and the PBV with those of isoproterenol and aminophylline, two agents that also have positive inotropic effects on the heart and additional known pharmacologic effects in the lung. Whenever an infusion of isoproterenol or aminophylline results in a fall in Pd, the PBV tends to rise.'2' 18 This change suggests a vasodilating action on the pulmonary vasculature, possibly caused by a direct vascular effect or perhaps mechanically mediated by the prominent bronchomotor effects of these agents.'9 Acetyl strophanthidin, however, failed to produce any changes in the pressurevolume relationships in the pulmonary circulation that could be construed as evidence of a direct pharmacologic effect in the lung.
